In the preceding paper (2) we showed that the acidity of resting skeletal muscle in vitro can be readily changed by variations in external [HCOl-] as well as by variations in CO. tension. In those studies one factor was varied while the other was kept normal, and so we obtained no information about possible interactions between CO2 tension and extracellular bicarbonate in the control of cell pH.
rat diaphragm preparation previously described (2) (3) (4) . As before, C14-labeled DMO 1 was used to measure cell pH in the steady state. In the present experiments, a large number of different combinations of Pco2 and [HCO3-] was established by setting one factor at a given elevated or reduced level and then systematically varying the other over a wide range.
The results show that cellular pH is a complex function of both Pco2 and external [HCOf-] . It cannot be accurately predicted from the extracellular pH alone, for it depends upon the particular combination of CO2 tension and extracellular bicarbonate that determines any given extracellular pH. The clinical and physiological implications of these findings are discussed.
Methods
All the experimental techniques and analytical methods used in this work were described, or referred to, in the preceding paper (2) . Diaphragms were incubated at 370 C at a fixed external pH established by choosing the desired concentration of HCO3-in the medium and the percentage of C02 in the C02-02 gas mixture. Half the diaphragms were removed after 4 hours of incubation under given conditions and the remainder at 6 hours. In no instance was there a significant change2 during the interval, and so observations at the two time intervals were always combined. In a few experiments, inulin space was not measured, and an assumed extracellular space (equal to that found under similar conditions in other experiments) was used in the calculation of cell pH. This was done only when the extracellular medium was very acidic, under which conditions relatively large variations in extracellular space have negligible effects on the calculated cell pH. Tables I, II, and III; except for one  experiment (last line, Table I ) they are also depicted in Figure 1 .
In the Figure, (2) .
When external bicarbonate was very low (5.6 to 6.8 mEq per L), progressive increases in hydrogen ion concentration of the medium, produced by increasing Pco2, resulted in proportional increases in intracellular acidity over the entire range studied (Table I and Figure 1 ). As shown by the lower dotted line in Figure 1 Figure 1 ).
To permit analysis of the results in more physiological terms, pertinent parts of the data from this group of experiments are displayed in a different manner in Figure 2 . In this Figure, Ta- bles I and II in which extracellular pH was below normal (7.40). In conventional clinical acid-base terminology, these curves define the conditions existing when there is extracellular "metabolic acidosis," and they are so labeled. The portions of the curves at CO2 tensions to the left of the vertical line can therefore be considered as Table I , and second and third lines, Table II ). Elevation of Pco2, i.e., superimposition of a respiratory acidosis upon the metabolic acidosis, causes an even greater rise in cell acidity, as shown by the extension of the curves to the right. It is noteworthy, however, that at a HCO3-of 13 to 14 mEq per L, a rise in Pco2 from 48 to 67 mm Hg (Table II) does not significantly increase cell acidity. As shown by the steep ascent of the topmost curve, cellular defense against a rising Pco2 is much less effective at a very low external [HCO3-j .
The lower curve in Figure 2 shows only those experiments at an elevated extracellular [HCO3-] in which the pH of the medium was above normal, and hence this curve can be considered descriptive of extracellular "metabolic alkalosis." The Figure shows that the cell is quite alkaline when there is no respiratory compensation. Compensatory elevation of Pco2 progressively restores cell pH towards normal, but at the highest Pco2 at which external pH is still above normal, cellular alkalosis has not been fully corrected (line 6, 2) Effects of changes in extracellular bicarbo-has lost its plateau between an extracellular [H+] nate concentration on muscle acidity at high or low of 40 and 120 nmoles per L, but still bears a gen-CO2 tensions. In a second group of experiments eral resemblance to the normal. As clearly shown the CO2 tension of the system was fixed at three in Figure 3 , cellular [H+] can vary widely, at any different low levels (9 to 12, 17 to 19, and 27 to 29 given extracellular [H+], depending upon the mm Hg) and at two different high levels (62 to Pco2. 69 and 119 to 129 mm Hg), while extracellular
In Figure 4 , relevant parts of the data from [HCO3-] was varied to produce a wide range Tables IV, V per curves labeled "respiratory acidosis" show the As shown in the Tables and the Figure, the re-data for all those experiments at high CO2 tenlationship between cellular and extracellular [H+] sions in which extracellular pH was normal or at different fixed levels of Pco2 varies consider-below. The two lower curves labeled "respiraably. At relatively low levels (9 to 12 and 17 to tory alkalosis" show those experiments at low CO2 19 mm Hg) the relationship is apparently linear. tension in which extracellular pH was elevated. 3) The relationship between extracellular and intracellular acidity. In Figure 5 , all of the data in Tables I to VIII plus those in Tables I and II of the preceding paper (2) Figure ( "extracellular acidosis" and "cellular alkalosis") represent conditions under which the cell was paradoxically alkaline while the extracellular fluid was more acid than normal. All of these represent the effects of partial respiratory compensation in metabolic acidosis, there being no instance in which partial metabolic compensation of respiratory acidosis produced a similarly paradoxical intracellular effect.
Although the acidity of the cell was thus relatively independent of the acidity of the extracellular medium, the Figure shows that whenever the extracellular fluid was definitely alkaline the muscle cell was also alkalotic, regardless of the particular level of Pco2 or external [HCO3-]. It is also evident that whenever the extracellular fluid became very acidic the cell was similarly rendered acidotic; thus, cell pH was always found to be lower than normal when extracellular pH dropped below 6.85, regardless of Pco2 or external . A final fact demonstrated by the Figure is that the great majority of experimental points was found to be above the diagonal line of equality. In other words, the muscle cell was almost always more acid than its environment. There were, however, a few exceptions to this rule, as shown by the three points that are clearly below the diagonal. They represent examples of very severe extracellular metabolic acidosis in which there was enough compensatory fall in Pco2 to make the cell more alkaline than the medium (line 1, Table IV;  and lines 1 and 2, Table V) .
Discussion
These observations demonstrate that the acidity of resting muscle cells cannot be accurately predicted from the extracellular pH alone. Intracellular pH appears to be a complex function of both Pco2 and extracellular [HCO3-]; at any given extracellular pH, the acidity of the cell varies according to the particular combination of Pco2 and [HCO3-] that determines the acidity of the medium.
In general, Pco2 seems to have a relatively more important influence on cell pH than does the extracellular [HCO3-]. Thus, partial respiratory compensation of severe metabolic acidosis readily restores intracellular pH to normal (Table I) , but nothing less than full metabolic compensation of severe respiratory acidosis suffices to correct cellular acidity (Table VIII) . Furthermore, in respiratory alkalosis even complete metabolic compensation of extracellular pH fails to reduce significantly the alkalinity of the cell, whereas in metabolic alkalosis full respiratory compensation restores cell pH almost to normal. (Figure 5) , it is interesting to consider that most clinical deviations of extracellular acid-base balance in the alkaline direction are relatively mild. Increases in blood pH above 7.6 are unusual, whereas equivalent and even greater degrees of acidosis are common. All these considerations suggest that intracellular phenomena play an important role in clinical acid-base disturbances and that closer examination of the cellular response will prove to be rewarding.
The present experiments appear to provide some clues to the nature of the mechanisms responsible for the control of cellular pH. The data demonstrate that the characteristic, triphasic curve describing the "CO2 titration" of muscle under normal conditions is changed when the external [HCO3-] is sufficiently altered. Thus, as shown in Figure 1 , there appears to be intracellular 49 mEq per L, the same rise in Pco2 causes a significant increase in cellular acidity. The response of the muscle to CO2 is therefore not likely to be due to a purely physical process of intracellular buffering.
Similarly, as shown in Figure 3 , the characteristic triphasic response of muscle pH to changes in external pH produced by bicarbonate is not determined solely by the external [ The muscle cell was usually more acid than its environment, but became more alkaline when Pco2 was reduced in severe extracellular acidosis.
Some clinical implications of these experiments are discussed. We suggest that the regulation of the pH of resting skeletal muscle cannot be explained by simple buffer reactions and is probably linked to active metabolic processes.
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